A B S T R A C T The peripheral plasmna levels of aldosterone, renin activity, potassium, sodium, corticosterone, and cortisol were measured in six normal subjects four times daily-10 a.m., 2 p.m., 5 p.m., 11 p.m.-on 3 consecutive days. A constant daytime activity program was maintained throughout the study. After 5 days on a 10 mEq sodium/100 mEq potassium isocaloric intake, the mean upright 10 a.m. plasma renin activity was 1773±186 ng/100 xnl per 3 hr and the mean plasma aldosterone, 81±+14 ng/100 ml. These two parameters fell continuously throughout the day parallel to the fall in plasma cortisol and corticosterone. In response to 2 liters of normal saline infused from 10 a.m. to 2 p.m. on 2 consecutive days, plasma aldosterone levels fell significantly to 13±5 ng/100 ml at 2 p.m. after the 1st day's infusion and to 6±1 ng/100 ml at 2 p.m. after the 2nd. Plasma renin activity demonstrated a parallel fall to 368±63 ng/ 100 ml per 3 hr and 189±27 ng/100 ml per 3 hr at 2 p.m. on the 1st and 2nd days, respectively. There was no significant alteration in plasma levels of cortisol, corticosterone, potassium, or sodium on the 2 days of sodium loading in comparison with the control day. In an additional study, five normal supine subjects received 500 ml saline/hr for 6 hr. As in the 2 day study, plasma aldosterone and renin activity had parallel decrements at 1, 2, 4, and 6 hr after the start of the saline infusion. From these studies, it is concluded that plasma renin activity is the dominant factor controlling plasma aldosterone when sodium-depleted normal subjects are acutely repleted.
INTRODUCTION
It lhas been demonstrated that administration of sodium to normal individuals either by increasing dietary sodium intake or by giving an intravenous load of saline decreases aldosterone secretion or excretion (1) (2) (3) (4) (5) (6) . The relationship between the response of the renin-angiotensin system and aldosterone to a sodium load has been less clearly defined. Several investigators have recently reported the response of plasma aldosterone to various sodium manipulations (7) (8) (9) . However, well-controlled studies relating the rate of change of the renin-angiotensin system and plasma aldosterone levels and correlating these with sodium excretion, serum sodium, and potassium, and directly or indirectly with adrenocorticotropin (ACTH) secretion have not been reported. In order to clarify these relationships, the present study constant 10 mEq sodium/100 mEq potassium, 2500 ml, isocaloric diet divided into three meals a day and a snack at bedtime. On the day of admission, 400-500 ml of blood was drawn from each subject in a sterile acid citrate dextrose blood bank container and maintained in the blood bank for reinfusion later in the study. After they had achieved metabolic balance (usually on the 5th or 6th day), blood was obtained for sodium, potassium, hematocrit, total protein, plasma cortisol, corticosterone, aldosterone, and peripheral renin activity (PRA)' upright at 10 a.m., 2 p.m., 5 p.m., and 11 p.m. on 3 consecutive days and at 8 a.m. on the 4th day except no PRA was obtained at 11 p.m. An equal volume of blood was replaced with each sampling. On the 2nd and 3rd study days, 2 liters of 0.9% sodium chloride was infused between 10 a.m. and 2 p.m.
Responise during salinie infusion. Five sodium-deplete normal subjects (age 21-28 yr) were studied on an identical 10 mEq Na/100 mEq K diet. When in balance, they were kept supine and infused with normal saline for 6 hr at the same rate as in the 2 day study, i.e., 500 ml/hr. Samples for Na, K, PRA, and aldosterone were obtained before, and 1, 2, 4, and 6 hr during the infusion. An equal volume of blood was replaced with each sampling.
Laboratory procedures
All blood samples were immediately spun and the plasma separated and frozen until time for assay. The samples for 1Abbreviation u(sed in this paper: PRA, plasma renin activity.
PRA were drawn using EDTA as the anticoagulant and the samples for corticosterone, cortisol, and aldosterone used sodium heparin as the anticoagulant. Sodium and potassium in urine and serum were measured by flame photometry using lithium as an internal standard.
The plasma aldosterone, corticosterone, and cortisol were measured by displacement analysis techniques as previously reported by this laboratory (10) . In brief, the plasma is extracted with methylene chloride, chromatographed in a Bush 5 system, and the three steroids eluted. The corticosterone and aldosterone are determined by radioimmunoassay usinig antibodies specifically directed against them. The cortisol is measured by a competitive protein-binding method similar to that described by Nugent and Mayes (11) . The levels found in the plasma of adrenalectomized subjects are below the sensitivity of the method for cortisol and corticosterone, and at the 2 pg/4 ml level for aldosterone. The sensitivity of the cortisol assay system is 0.2 ng/binding tube; for the corticosterone assay, 0.02 ng/binding tube; and for the aldosterone, 0.002 ng/binding tube. The coefficient of variation is between 7 and 11%o at a level 10 times the sensitivity for the three assays. Recovery of added steroid from each assay is the same, ranging from 85 to 110%. The cortisol, corticosterone, and aldosterone values in 12 samples were compared with a double isotope derivative method previously used (8) which produced a correlation coefficient of 0.99 with a P value of correlation < 0.001 for all three steroids.
PRA was measured by a modification of the Boucher method as previously described (12 (13) , utilizing a General Electric 635 computer. The results are expressed as mean ± standard error of the mean, and significance as P <0.02 unless otherwise indicated. Nonsignificant differences were those with P > 0.05.
RESULTS
Response to 2 days of saline infusion. When 2 liters of normal saline was infused, the mean weight of the subjects increased 1.5±0.1 kg on the 1st day and 0.3±0.2 kg on the 2nd day. Accompanying this was a significant increase in the mean 24 hr urine sodium excretion from 5+1 to 57-+-28 and then to 230±20 mEq on the 1st and 2nd days, respectively. Mean potassium excretion also increased from 85+4 to 97±9 and then to 111±9 mEq (Table I, Fig. 1 ). Using the paired t test, the mean potassium excretion on the 2nd day but not the 1st day was significantly greater than in the control period. During the first 6 hr urine collection on the 1st day of saline load, there was no significant change in urine sodium excretion, even though this period encompassed most of the time of the saline infusion. However, there was a significant increase at each succeeding time interval and on the 2nd day of saline load, each 6 hr urine sodium excretion was significantly greater than the corresponding 6 hr urine on the 1st day of saline loading. Potassium excretion did not alter significantly on the 1st day of saline load and only increased significantly over control levels during the 1-7 p.m. period on the 2nd day.
Plasma aldosterone had a diurnal rhythm with the mean 10 a.m. upright level (81±14 ng/100 ml) significantly greater than both the mean 5 p.m. (56±15 ng/100 ml) and 11 p.m. (32±8 ng/100 ml) (Fig. 2 , Table II ). On the 1st day of saline loading, the postsaline (2 p.m.) plasma aldosterone (13±5 ng/100 ml) was significantly less than the 10 amn. and the control day 2 p.m. value.
Similarly, the 5 p.m. (16±3 ng/100 ml) and the 11 p.m.
(10±2 ng/100 ml) levels were both significantly less than on the control day. On the 2nd day of saline loading, the plasma aldosterone value fell significantly to even lower levels so that by 11 p.m. it was 4±1 ng/100 ml (Fig. 2 , Table II SALINE -DAY I I SALINE-DAY 2 IDAY4~~~-a FIGURE 2 Responise of p)lasma aldosteronie, reuimi activity, cortisol, and corticosterone, anid serum sodium anid p)otassium to salinie inifusioni in niormal subjects on a 10 mEq sodium/100 mEq potassium diet.
In contrast, plasma levels of cortisol showed a normal (liurnal variation on eachi of the 3 days without significant daily differences. The mean 10 a.'xn. values varied from 8.5±0.8 to 10.7+1.5 gg/100 ml. On all 3 days, there was a significant fall to 11 p.m. values which ranged fronm 2.4±0.6 to 3.2±0.8 lAgl'100 mln. Corticosterone showed a sinmilar diurnal chanige; however, in contrast to the cortisol determlinationis, the mean 2 p.m. plasma corticosterones immediately after the saline load 175± 39 and 132±34 ng/100 ml) were both significantly less (P < 0.05 and P < 0.02) than the 2 p.m. level onl the conitrol day (321±62 ng/,100 m1l) by l)aired t analysis.
MIean serum potassium did not show any significant alterations on the 3 days, the 11 p.mn. tended to be less tlhan the rest of the values and( was significantly so in co.nl)arison with the 10 a.m. value oni the control day anlI the 2nd day of salinie load. Serumii sodiumii values did not significantly change during the course of the study; however, the values on the 2nd day of saline load tended to be higher than on the 1st and the control days (see Table II , Fig. 2 ). Both total protein and hematocrit fell by 15-20% in response to the saline infusion.
Plasma aldosterone levels were significantly correlated with renin activity (P < 0.001) with an index of determinlsation of 0.87 and a correlation coefficient of 0.93. Aldosterone was not significantly correlated with plasma cortisol. serumn potassium, or serum sodium. and the correlation of aldosterone with corticosterone was of marginal signiificaince (P < 0.05). (correlatioln coefficielnt 0.53. index of determiiination 0.28).
Response du(rinig saline infutsion. The mean 24 hr nirine excretion of sodiumii and l)otassium rose fromn 10±1 dlay, changes in renin activity and aldosterone were coincidental with changes in plasma cortisol annd corticosterone, during the 2 days of saline infusioni this was not the case except for the transient fall in the corticosterone levels immediatelv following the saline infusion. There also was no correlation of plasma aldosterone with serum sodium or potassium. These findings support the concept that renin activity is the dominant factor in the control of aldosterone with actute volume expI ansion in normal sodium-dleplete man.
Other investigators have not alway\s foundi( a close association between renin activity and aldosterone secretion (7, (14) (15) (16) (17) . Since experimental design and methodologic differences could explain some of these rel)orts, the present study was designed to carefully control other factors wrhich could alter the level of renin activity or aldosterone and thereby artifactuallv produce dlissociation between them. These controls have been d!etailed in a previous publication (8) and include rigorous control of dietary intake of sodium and potassium, of hemorrhage due to sample collection, of activity. ancl of the relationship of sampling to mleal times. The absolute plasma aldosterone and renin activity values are similar to w-hat wve have previously reported and in reasonable agreemenit -with other investigators wNhen one considers variations in dietary intake of sodium and potassium (7. S.
17).
Two previous stuidies have described thle relatioinship of llasma aldlostel-olne to acute sodiumi repletioln. Kern. Weilnberger, AMaves. and Nutigeit stul(lie( the responise of liniCe niormal subjects to intravenious infusioin of 2 liters of normal saline similar to that used in the present stud(l (9) . They also showed a significant fall in plasmia aldosteroine an(l a parallel fall in renini activity in their subjects. Howvever, their stu(ld did not control dietarv so-(lium and potassium before the infusion, and( therefore. is not exactly comparable with the present study. It There were several alterations in potential factors which could independently suppress aldosterone secretion in the sheep study that were not present in the human study. These differences may in part account for the disparity between the results of the two studies. In the initial sheep studies, serum potassium levels fell significantly during the course of the study. It has been shown in several species (18) (19) (20) that a fall in serum potassium will cause a rise in renin activity and a fall in aldosterone. This could explain the difference since there was no significant change in serum potassium levels in the present study. However, in a subsequent publication (21), Blair-West et al. showed that a concomitant infusion of potassium which prevented the fall in serum potassium did not significantly alter the dissociation with oral sodium loading of sheep.
Secondly, the sheep drank the sodium bicarbonate solution very rapidly so that a significant increase in serum sodium occurred. The same group has previously shown (22) that significant increases in sodium concentration in the sheep can to a small extent decrease aldosterone secretion. In contrast, there was no change in serum sodium concentration in the present study. Another explanation for the difference could be a transient degree of alkalosis in the sheep due to the large bicarbonate load given although this cannot be evaluated since pH measurements were not given.
Finally, the difference may reflect a fundamental difference in the control of aldosterone secretion between man and sheep. For example, the sheep has an exquisitely sensitive salt appetite so that a sodium deficit is both precisely and rapidly corrected when a sodium solution is offered (23) . This is uncommon in normal man. This could be associated with an altered responsiveness of the glomerulosa cell to the renin-angiotensin system in comparison with other known or unknown control factors.
In summary, in normal sodium-deplete man (as opposed to sheep), there is no dissociation of plasma levels of renin activity and aldosterone in response to acute intravenous sodium repletion. The data suggest that plasma aldosterone is under the dominant control of renin activity in these circumstances. This is critically important since in some diseases, a dissociation between PRA and aldosterone secretion has been reported with sodium repletion (24) (25) (26) 
